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Introduc:on	  

Usually	  described	  by:	  

Proton	  
structure	  

Underlying	  event	  (UE),	  	  
(mul=ple	  parton	  
interac=on),	  	  

Ini=al	  state	  radia=ons	  
(ISR),	  etc.	  	  	   Hard	  

scaCering	  

Parton	  showering	  (PS)	  
EW	  radia=on	  

Hadronisa=on	  

Parton	  
distribu=on	  
func=ons	  (PDFs)	  

Perturba:ve	  
descrip:on:	  	  
	  LO,	  NLO,…	  

Either	  MC	  or	  
theore=cal	  
calcula=on	  

PS:	  Leading	  Log	  (LL),	  NLL…	  
EW	  correc:on	  
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Models	  in	  MC	  
with	  tune-‐
parameters.	   Models	  in	  MC	  with	  

tune-‐parameters.	  

SM	  measurements	  are	  important	  for	  understanding	  of	  	  
several	  aspects	  in	  the	  proton-‐proton	  collisions.	  



Start-‐up	  of	  Run	  2	  
u  Special	  runs	  without	  pileup	  
è	  Measurements	  of	  soG	  ac:vi:es	  
•  Inelas=c	  cross	  sec=on	  
•  Minimum	  bias	  events	  
•  Underlying	  event	  

u  ~80pb-‐1	  data	  of	  collisions	  with	  50ns	  	  
bunch	  spacing.	  	  
è	  First	  look	  at	  (harder)	  SM	  physics	  	  
	  	  	  at	  13	  TeV	  
•  Jet	  
•  W,	  Z	  
•  (top	  à	  prsented	  by	  M.	  Danninger)	  

80pb-‐1	  
collision	  
data	  

Special	  
runs	  
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Preliminary	  measurements	  with	  preliminary	  calibra2ons	  and	  ±	  9%	  luminosity	  
uncertainty.	  

Integrated	  luminosity	  per	  day	  



SoG	  QCD	  

u  Strong	  interac=on	  at	  the	  low	  energy	  scale	  	  
	  à	  Non-‐perturba=ve	  QCD	  
•  Described	  by	  phenominological	  	  

models	  
u  Measurements	  are	  done	  with	  special	  
runs.	  
•  <μ>=0.002~0.005	  
•  63-‐170	  μb-‐1	  of	  data	  
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Inelas:c	  pp	  cross	  sec:on	  
u  Fundamental	  QCD	  observable,	  probing	  non-‐perturba:ve	  regime.	  
u  Also	  important	  for	  astropar:cle	  physics,	  in	  modelling	  of	  air-‐shower.	  

u  Measured	  using	  MBTS	  scin=llators.	  
	  	  

	  
	  
	  
	  
	  

	  	  
	  	  	  	  	  à	  >	  50%	  efficiency	  for	  ξ=MX

2/s	  >10-‐6	  
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Elas2c	  pp	  

Single	  diffrac2on	  

Double	  diffrac2on	  

Non-‐diffrac2on	  

ATLAS-‐CONF-‐2015-‐038	  
In
el
as
=c
	  c
ro
ss
	  se

c=
on

	  

dissocia2on	  
mass	  

Minimum	  Bias	  Trigger	  
Scin=llators	  (MBTS)	  

•  Plas=c	  scin=llators	  
•  At	  Z	  =	  ±	  3.6m	  
•  2.08<|η|<3.75	  
•  Rebuilt	  for	  Run	  2	  
•  High	  efficiency	  with	  

uniformity	  within	  1%	  



Inelas:c	  pp	  cross	  sec:on	  

	  	  	  	  	  73.1	   	  ±	  0.9	  (exp.)	  	  
	   	  ±	  6.6	  (lumi.)	  	  
	   	  ±	  3.8	  (extr.)	  mb	  
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ATLAS-‐CONF-‐2015-‐038	  

Total	  inelas:c	  pp	  cross	  sec:on	  
•  Fiducial	  cross	  sec=on	  is	  

extrapolated	  to	  the	  total	  
inelas=c	  cross	  sec=on.	  

Fiducial	  cross	  sec:on	  in	  ξ>10-‐6	  

	  	  	  	  	  65.2 	  ±	  0.8	  (exp.)	  	  
	   	  ±	  5.9	  (lumi.)	  mb	  



Par:cle	  produc:on	  in	  minimum-‐bias	  events	  
u  SoG	  par:cle	  produc:on	  from	  low	  energy	  processes.	  

	  à	  Descrip=ons	  by	  MC	  models	  tuned	  using	  data	  are	  tested.	  
•  Also	  important	  for	  modelling	  of	  pile-‐up	  collisions.	  

 [GeV]s

310 410

 =
 0

 
d ³ 

d
 / 

d
ch

N
 du 

ev
N

1/

1

1.5

2

2.5

3

3.5

4
 1* chn > 500 MeV, 

T
p

PreliminaryATLAS 
Data
PYTHIA8 A2
PYTHIA8 Monash
HERWIG++ UE-EE5
EPOS LHC
QGSJET II-04

Primary	  charged-‐par=cle	  mul=plici=es	  
	  
	  
•  Par=cles	  with	  τ>300	  ps	  	  	  	  	  
•  pT>500	  MeV,	  |η|<2.5	  
•  Secondary	  par=cles	  are	  not	  included.	  

Energy	  dependence	  
•  Averaged	  in	  |η|<0.2	  
•  Correc=on	  for	  strange	  baryons	  
is	  well	  described	  by	  EPOS	  and	  PYTHIA	  A2	  
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ATLAS-‐CONF-‐2015-‐028	  
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u  Best	  descrip=on	  by	  EPOS,	  reasonable	  descrip=on	  by	  PYTHIA.	  
u  QGSJET	  fails	  <pT>	  descrip=on,	  as	  it	  contains	  no	  colour	  reconnec=on	  model.	  

Strange	  baryons	  are	  not	  included	  in	  the	  defini2on.	  
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Underlying	  events	  

Generator	   Tune	   Focus	  
PYTHIA	  8	   A2	   MB	  
PYTHIA	  8	   Monash	   MB/UE	  
PYTHIA	  8	   A14	   UE/Shower	  
HERWIG++	   UEEE5	   UE	  
EPOS	   LHC	   MB	  

9	  

SoG	  ac:vi:es	  accompanying	  	  
hard	  parton-‐parton	  interac:on.	  
u  Detector-‐level	  track	  distribu=ons	  	  

•  vs	  |Δφ|	  from	  the	  leading	  track	  	  
•  vs	  leading	  track	  pT	  
	  leading	  track	  =	  hard	  object	  

à	  Quick	  check	  of	  several	  MC	  tunes.	  	  

All	  models	  have	  reasonable	  
descrip=on.	  
UE-‐tuned	  MCs	  do	  beCer	  
job	  at	  higher	  pTlead.	  

ATL-‐PHYS-‐PUB-‐2015-‐019	  

leading	  
track	  



Hard	  processes	  

u  Test	  of	  perturba=ve	  QCD	  
•  Produc=on	  cross	  sec=on	  
•  Hard	  QCD	  radia=on	  

u  Sensi=vity	  to	  the	  proton	  structure	  
•  Inputs	  for	  determina=on	  of	  	  

parton	  distribu=on	  func=ons	  (PDFs)	  
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Jet	  produc:on	  cross	  sec:on	  
u  Fundamental	  physics	  objects	  
at	  collider	  physics	  

u  Compared	  to	  NLO	  QCD	  
calcula=ons	  with	  several	  PDFs	  	  
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Good	  agreement.	  

Jet	  Energy	  Scale	  (JES)	  
uncertain2es	  
Preliminary	  calibra=on:	  	  
2012	  calibra=on	  	  
	  	  	  +	   	  updated	  detector	  

	  descrip=on	  in	  MC	  

ATLAS-‐CONF-‐2015-‐034	  
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u  Theory:	  NNLO	  QCD	  +	  NLO	  EW	  
	  à	  Energy	  dependence	  is	  well	  described.	  	  	  

u  Sensi=ve	  to	  PDFs.	  
•  Cross-‐sec=on	  ra=os	  are	  strong	  tools	  

to	  constrain	  PDFs.	  
	  	  	  W+	  /	  W-‐	  à	  Valence	  quarks	  at	  low-‐x	  

No	  LHC	  
Run1	  data	  

Benchmark	  measurement	  of	  QCD+EW	  
processes.	  
•  MT>50	  GeV,	  pTl>25GeV,	  pTν>25GeV	  

eν	   μν	  
detector-‐level	  MT	  distribu2ons	  

ATLAS-‐CONF-‐2015-‐039	  
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u  Theory:	  NNLO	  QCD	  +	  NLO	  EW	  	  
u  Compared	  to	  predic=ons	  with	  several	  PDFs.	  
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Benchmark	  measurement	  of	  QCD+EW	  	  
processes.	  
•  pTl>25GeV,	  66<Mll<116	  GeV	  

u  Energy	  dependence	  is	  well	  described.	  	  
u  ±9	  %	  uncertainty	  from	  preliminary	  lumi.	  is	  too	  large	  to	  give	  sensi=vity	  to	  PDFs.	  	  

ee	   μμ	  

detector-‐level	  Mll	  distribu2ons	  

ATLAS-‐CONF-‐2015-‐039	  
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Reasonable	  agreement	  seen	  in	  cross	  sec=ons	  and	  cross	  sec=on	  ra=os.	  

ATLAS-‐CONF-‐2015-‐041	  

Tes:ng	  descrip:on	  of	  QCD	  hard	  radia:on.	  
u  Predic=ons	  from	  Mul=-‐leg	  MCs	  

•  SHERPA 	  :	  NLO	  up	  to	  2	  partons,	  LO	  up	  to	  4	  partons.	  
•  MadGraph 	  :	  LO	  up	  to	  4	  partons,	  with	  PYTHIA	  parton	  shower.	  	  



Summary	  

ATLAS	  performed	  several	  preliminary	  measurements	  of	  the	  SM	  process	  using	  the	  
LHC	  Run	  2	  start-‐up	  data.	  	  

•  Preliminary	  calibra=on	  
•  ±	  9%	  uncertainty	  in	  the	  luminosity	  measurement	  

u  Phenomenological	  models	  of	  soz	  ac=vi=es	  are	  tested	  using	  special	  runs	  with	  
low	  pile-‐up	  data.	  

u  “Benchmark”	  measurements	  of	  hard	  processes	  tests	  NLO	  or	  NNLO	  theories	  and	  
PDFs	  at	  13	  TeV	  pp	  collisions.	  	  

	  è	  	  All	  show	  good/reasonable	  agreement.	  
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hCps://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults	  

Good	  start-‐up.	  Ready	  to	  perform	  further	  measurements	  at	  ATLAS!!	  



Backup	  



W±	  /	  Z	  produc:on	  cross-‐sec:on	  ra:o	  
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Z+Jet(s)	  detector-‐level	  distribu:on	  


